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Abstract of W09749656 

A method for purifying 1,1,1,3,3- 
pentafluoropropane (HFC-245fa) by bringing at 
least one extractant selected from the group 
consisting of: (a) compounds represented by 
general formula (I): CxFyHz, compounds 
represented by general formula (II): R1 R2R3N, 
compounds represented by general formula (III): 
R40R5, and compounds represented by general 
formula (IV): CICImHn into contact with a mixture 
comprising HFC-245fa and HF, subjecting the 
resultant liquid mixture to liquid-liquid separation 
to provide an extractant phase composed mainly 
of HFC-245fa and the extractant, and separating 
HFC-245fa from the extractant phase. According 
to this method, HFC-245fa can be efficiently 
separated from a mixture comprising HFC-245fa 
and HF. 
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METHOD FOR PURIFYING 1,1,1,3,3-PENTAFLUOROPROPANE 

Description of correspondent: EP0921109 Translate this text 



Field of the Invention 



[0001] The present invention relates to a process of purification of 1 ,1 ,1 ,3,3-pentafluoropropane 
(hereinafter, also referred to as HFC-245fa) which is useful as an alternative fluorocarbons for use in 
foaming agents. 



Background of the Invention 



[0002] As a process of producing of HFC-245fa, a process is known in which 1 ,1 ,1 ,3,3-pentachloropropane 
is fluorinated with hydrogen fluoride (hereinafter, also referred to as HF) in the presence of several catalysts 
in either vapor phase or liquid phase. 

[0003] In such a process to obtain HFC-245fa, it is necessary to recover HFC-245fa by removing HF from 
the product since unreacted HF generally remains in the reaction product in addition to HFC-245fa. In such 
case, HF is simultaneously required to be recovered and recycled to the reaction system from the 
economical viewpoint. However, HFC-245fa is found to form an azeotropic mixture with HF, which was 
disclosed in, for example, Japanese Patent Kokai Publication No. 9085/1997 and Japanese Patent Kokai 
Publication No. 156701/1997 both filed by us. We also found that it is difficult to recover HFC-245fa 
substantially free of HF through a simple distillation since the composition of such azeotropic mixture varies 
depending on the pressure, for example, the azeotropic mixture contains 55 % by mole of HF at a pressure 
of 5 atm. In addition, it is not commercially easy to recover HFC-245fa solely without recovering such a 
large amount of HF. 

[0004] As processes for separating fluorohydrocarbon compounds from HF, several processes, for 
example, a process to let each component of the mixture separate from each other to form two liquid layers 
and recover each component by distillation (Japanese Patent Kokai Publication No. 167803/1990); a 
process to use sulfuric acid as an extraction agent for HF (U.S.P.3,873,629) and a process to remove HF 
through absorption into hydrofluoric acid (also referred to an aqueous HF solution) (Japanese Patent Kokai 
Publication No. 279277/1993) are known. Further, it is also known to successively distillate the mixture with 
two distillation columns in which the internal pressures are different each other, using a property that the 
composition of the azeotropic mixture varies depending on the pressure as disclosed in Japanese Patent 
Kokai Publication No. 178768/1993. 



Disclosure of the invention 



[0005] The process disclosed in the Japanese Patent Kokai Publication No. 167803/1990 can not be 
applied to any mixture since the process has to utilize a mixture each component of which separates from 
each other in liquid phase. The separating process using sulfuric acid has a disadvantage that it shows a 
strong corrosiveness when it is heated to a high temperature during recovery of HF. 

[0006] In the separation process using aqueous HF solution, it is a severe disadvantage that the 
hydrofluoric acid has corrosiveness. For example, frequent check and maintenance of the equipment and 
lines are required, so that personal cost increases, in addition, the cost of installation also increases 
because the material to be used in such installation should be selected to have an anti-corrosiveness. 

[0007] Therefore, an object of the present invention is to provide a process to obtain 1,1,1 ,3,3- 
pentafluoropropane (HFC-245fa) through effective separation of 1 ,1 ,1 ,3,3-pentafluoropropane from a 
mixture comprising at least 1,1,1 ,3,3-pentafluoropropane and hydrogen fluoride. 
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[0008] A major feature of the present invention is that HFC-245fa is effectively separated from a mixture 
comprising at least 1,1,1,3,3-pentafluoropropane and hydrogen fluoride by utilizing the following organic 
compounds (a)-(d) having a property that, on the one hand, they have a good compatibility with HFC-245fa, 
on the other hand, they have a poor compatibility with HF. In other word, the present invention provides a 
process to separate HFC-245fa from a mixture comprising at least 1 ,1 ,1 ,3,3-pentafluoropropane and 
hydrogen fluoride by utilizing a principle that, although the mixture of HFC-245fa and HF does not directly 
separate into the two liquid layers of each compound, HFC-245fa may be extracted into an extraction agent 
phase by using the extraction agent as mentioned above. 

[0009] Concretely, the present invention provides a purification process of 1,1,1,3,3-pentafluoropropane 
characterized by contacting at least one extraction agent selected from the group consisting of 

(a) a fluorohydrocarbon compound corresponds to the general formula (I): 

"(I)" CxFyHz in which x is an integer from 3 to 10, y is an integer from 2 to 22 and z is an integer from 0 to 
6; 

(b) an amine compound corresponds to the general formula (II): 

"(II)" R1R2R3N in which R1, R2 and R3 are fluoroalkyl groups each having 1-10 carbon atoms, 
respectively, and R1 , R2 and R3 may have at most two hydrogen atoms (0, 1 or 2 hydrogen atoms), 
respectively; 

(c) an ether compound corresponds to the general formula (III): 

"(III)" R40R5 in which R4 and R5 are alkyl groups each having 1-10 carbon atoms, respectively, and at 
least one of R4 and R5 contains one fluorine atom; and 

(d) a chlorohydocarbon compound corresponds to the general formula (IV): 

"(IV)" CICImHn in which I is an integer from 3 to 10, m is an integer from 2 to 22 and n is an integer from 0 
to 6 

with a mixture comprising 1,1,1,3,3-pentafluoropropane and hydrogen fluoride so as to form a liquid mixture 
and separating the liquid mixture into two liquid layers, followed by obtaining an extraction agent layer 
including 1,1,1,3,3-pentafluoropropane and the extraction agent as main compounds, and separatively 
recovering 1,1 ,1 ,3,3-pentafluoropropane from the extraction agent layer. 



Brief Description of Drawings 



Fig. 1 shows a flow sheet of one embodiment of the present process. 



[001 1] In Fig. 1, reference numbers denote the following elements, respectively: 

I . reaction apparatus 

9. conduit 

1 0. extraction apparatus 

II, 12. conduit 

20. separation apparatus 
21,22. conduit 
30. distillation measure 
31,32. distillation apparatus 
33,34,35,36,37. conduit 
40. HF recovery measure 
41 ,42. distillation apparatus 
43,44,45,46,47. conduit 



[0012] The extraction agent used in the present invention may be any compound selected from the group 
consisting of the above mentioned (a), (b), (c) and (d) or a combination of two or more selected from the 
above group. Further, the extraction agent may contain another compound provided that it might not cause 
substantially detrimental effect to the present separative recovery process. 

[0013] In the context of the present invention, the term "mixture" means a material comprising at least HFC- 
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245fa and HF, which exists in liquid and/or gaseous phase. Optionally, it may contain HCI or the other 
fluorohydrocarbon compounds, for example, 1,1,1,3-tetrafluoro-3-chloropropane (CF3CH2CHFCI), 1,1,1- 
trifluoro-3,3-dichloropropane (CF3CH2CHCI2) or 1,1-difluoro-1,3,3-trichloropropane (CICF2CH2CHCI2). 

[0014] In the context of the present invention, the term "separative recovery" means to obtain a mixture 
containing HFC-245fa and HF in a higher rario of HFC-245fa/HF (that is, relative ratio of HFC-245fa to HF) 
than that ratio in the mixture containing HFC-245fa and HF from the mixture as the starting material. 

[0015] In the context of the present invention, the term "extraction agent" means a material which has a 
function that, when the mixture exists in a gas phase or a liquid phase containing a gas, the extraction 
agent being contacted with the mixture liquefies the mixture to form a liquid mixture comprising HFC-245fa 
and HF, and then selectively dissolves and extracts HFC-245fa from the mixture, simultaneously dissolves 
HF as little as possible, that is, to let HF be in a separated phase (or layer) other than the extraction agent 
phase (or layer). Optionally, a portion of the mixture may be withdrawn as a gas outside of the system 
during the above liquefaction step. The extraction agent may have a function to selectively absorb HFC- 
245fa from the mixture followed by liquefying it (that is, HF forms another liquid phase (or layer) in stead of 
being extracted into the extraction agent) in addition to the above mentioned function or alternatively. 

[0016] Therefore, the "extraction agent" of the present invention means a material which leads to form at 
least two separated liquid phases (or layers), wherein one phase (or layer) contains HF in a large proportion 
(hereinafter, also referred to as HF phase) and the another phase (or layer) contains HF in a small 
proportion (which phase contains HFC-245fa and extraction agent as its main component (hereinafter, also 
referred to as extraction agent phase)) by contacting with the mixture. HCI which may be contained within 
the mixture may be removed in a gas phase without at least a portion thereof being liquefied. 

[0017] In the present invention, the ratio of HFC-245fa/HF in the extraction agent phase is larger than that 
of the mixture as the starting material after the extraction agent was contacted with the mixture comprising 
HFC-245fa and HF followed by forming the separated two liquid layers of HF phase (or layer) and the 
extraction agent phase (or layer). Thus, in this case, "separative recovery" according to the present 
invention as above mentioned may be said to be substantially accomplished, apart from finally separating 
HFC-245fa from the extraction agent phase. 

[0018] The examples of the extraction agent which may be used in the present invention are as follows: 

(a) The fluorohydrocarbon compound may be perfluoro-2-methylpentane (sec-C6F14), perfluoro-n-hexane 
(n-C6F14), 43-10mee(1,1,1,2,2,3,4,5,5,5-decafluoropentane), 1 H-perfluoro-2-pentene, perfluoro-2-methyl- 
2-pentene, perfluoro-4-methyl-2-pentene, 1 H-perfluorooctane ( omega -H perfluorooctane(C8F17H)), 
omega -H perfluorohexane(C6F13H), perfluorocyclohexane, perfluoroheptane, perfluoropropane, 
perfluorobutane, pentadecafluoroheptane, and perfluorodecalin. 

(b) The amine compound may be perfluorotributylamine, perfluoropentylamine, and perfluoro-N-methyl- 
morpholine. 

(c) The ether compound may be methyl-1,1,2,3,3,3-hexafluoropropylether, ethyl-1, 1,2,3,3,3- 
hexafluoropropylether and propyl-1,1,2,3,3,3-hexafluoropropylether, 1-methoxy-nonafluorobutane, and 1- 
ethoxy-nonafluorobutane. 

(d) The chlorohydocarbon compound may be 1,1,1,3,3-pentachloropropane, hexachloropropane, 
trichloroethylene, and perchloroethylene. 



[0019] The amount of the extraction agent to be used in the present invention may be in such a range that, 
when the extraction agent is contacted with the mixture at the operating condition, particularly at a 
temperature above -30 DEG C, the amount of HFC-245fa actually contacts with the extraction agent is 
smaller than the amount of HFC-245fa which may be dissolved in the extraction agent, and the ratio of the 
amount of the extraction agent to the amount of the mixture is in a range in which the extraction agent liquid 
phase and HF liquid phase are easily separated from each other. Concretely, the amount of the extraction 
agent to be used is 0.3 times or more in a molar ratio, preferably in the range from 0.3 to 30 times, most 
preferably in the range from 1 to 5 times based on the amount of HFC-245fa in the mixture to be contacted 
with. In the most cases, the extraction agent phase (or layer) generally forms the lower layer and the HF 
phase (or layer) generally forms the upper layer in the separating apparatus. However, the extraction agent 
phase (or layer) does not always form the lower layer, but instead it may form the upper layer depending on 
the kind of the extraction agent used as well as the proportion of HFC-245fa contained within the extraction 
agent phase. 
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[0020] After separated, the extraction agent phase contains HF in the amount of the solubility thereof as a 
small amount component. Such HF may be removed from the extraction agent phase through conventional 
after-treatments, for example, alkaline washing or distillation in the subsequent treatment steps performed 
depending on the necessity. Thus, a mixture substantially consisting of HFC-245fa and extraction agent 
may be obtained. Further, this mixture may be subjected to a conventional separation treatment, for 
example distillation to obtain the aimed product HFC-245fa containing substantially no extraction agent. In 
another way, the extraction agent phase may be directly distilled, optionally in combination with several 
distillation treatments by selecting the operating condition suitably to obtain HFC-245fa not including both 
HF and extraction agent. Such separation treatments through the distillation are conventional. 

[0021] The condition of the temperature and the pressure during the contact process is not limited provided 
that, after the mixture is liquefied, HFC-245fa is mainly extracted into the extraction agent phase, and HF is 
mainly extracted into the HF phase, or the mixture is distributed into the extraction agent phase and the HF 
phase based on the liquid-liquid equilibrium relationship under the operation condition after the mixture was 
absorbed into the extraction agent phase and/or HF phase, or the above both phenomena may be occurred 
at the same time. 

[0022] The conditions at which the extraction agent and the mixture are separated into the liquid phases are 
not particularly limited provided that the extraction agent phase (or layer) may be separated from the 
mixture in liquid in the condition. Therefore, it may be the same condition as described as to contact 
process in the above. In a practicable condition, both in the contacting process and separating process, the 
temperature is maintained in a range from - 30 DEG C to 150 DEG C, preferably from - 30 DEG C to 100 
DEG C, more preferably from - 30 DEG C to 50 DEG C. The pressure (absolute pressure) is maintained in 
a range above an atmospheric pressure (1 atm), preferably from 1 to 30 atm. 

[0023] Hereinafter, one embodiment of the present invention will be explained in detail with reference to Fig. 
1. 

[0024] In the reaction apparatus 1, 1,1,1,3,3-pentafluoropropane is produced by fluorination of a starting 
material, for example, 1 ,1 ,1 ,3,3-pentachloro-propane with hydrogen fluoride in vapor phase or liquid phase 
in the presence of a catalyst. The effluent from this reaction step is a mixture mainly containing 1,1,1,3,3- 
pentafluoropropane and hydrogen fluoride and additionally containing HCI and the other fluorohydrocarbons 
which is a intermediate to 1,1,1,3,3-pentafluoro-propane, for example, 1,1,1-trifluoro-3-chloro-2-propane, 
1 ,1 ,1 ,3-tetrafluoro-3-chloropropane, 1 ,1 ,1 -pentafluoro-3,3-dichloropropane and/or 1 ,1 -difluoro-1 ,3,3- 
trichloropropane. The mixture is passed through a condenser and a distillation apparatus (both of them, not 
shown), and introduced into the extraction apparatus 1 0 via conduit 9. At this point, the mixture substantially 
consists of HFC-245fa and HF and optionally existing HCI. The extraction agent is introduced into the 
extraction apparatus 10 via conduit 1 1 . 

[0025] As the extraction apparatus 10, several apparatuses may be used, which are conventionally used for 
gas absorbing treatment or liquid-liquid extracting treatment, for example, packed column, spray column, 
scrubber, plate column, bubble column, mixing tank (e.g. mixer-settler). When an absorbing apparatus of a 
differential type is used, it is particularly preferred that the extraction agent flows countercurrenly to and 
contacts with the mixture. 

[0026] When the extraction agent contacts with the mixture containing 1,1,1,3,3-pentafluoropropane and 
hydrogen fluoride in the extraction apparatus 10, substantially the whole HFC-245fa and HF are liquefied, 
and a portion thereof, beginning to separate into two liquid layers, is passed to a separation apparatus 20 
via conduit 12. HCI, which is optionally contained in the mixture, may be eliminated from the extraction 
apparatus 10 in gaseous phase in most cases. 

[0027] It is particularly preferred that the inside condition of the extraction apparatus 10 and the separation 
apparatus 20 is maintained in a practical condition, for example, in a temperature range from - 30 DEG C to 
50 DEG C and a pressure range from 1 atm to 4.5 atm. 

[0028] For the separation process, conventional apparatus, for example, an apparatus in which two liquid 
phases separate into two layers due to the difference between the specific gravities may be used. 

[0029] Alternatively, the extraction apparatus 10 and the separation apparatus 20 may be integrated into 
one apparatus. 
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[0030] The extraction agent and each liquefied component of the mixture, which were introduced through 
the conduit 12 and already begin to separate into two liquid layers, form two liquid layers in the separation 
apparatus 20, for example, a gravity type separation apparatus. A phase the main component of which is 
HF (HF phase) gathers to form the upper layer or phase and a phase the main component of which is HFC- 
245fa and the extraction agent (extraction agent phase) gathers to form the lower layer or phase. 

[0031] The extraction agent phase forming the lower layer in the separation apparatus 20 is passed to a 
distillation measure 30, for example a distillation column via conduit 22. The extraction agent phase passing 
the conduit 22 mainly consists of the extraction agent and HFC-245fa, and additionally small amount of HF, 
as shown in Table 7 in Example part. 

[0032] The distillation measure 30 practically may be two stage-distillation measure consisting of a 
combination of a first stage distillation apparatus 31 and a second stage distillation apparatus 32 as shown 
in Figure 1 . In such case, HF which is contained in the phase introduced via conduit 22 in a small amount 
may be eliminated in the first stage distillation apparatus 31 . Concretely, in the first stage distillation 
apparatus 31 , the azeotropic mixture HFC-245fa/HF is distilled to the top of the apparatus and recovered 
through the conduit 33, so that HF may be separated from the mixture of HFC-245fa and extraction agent to 
obtain a mixture of HFC-245fa and extraction agent as a bottom product. The azeotropic mixture HFC- 
245fa/HF removed from the conduit 33 is preferably recycled to the extraction apparatus 10 via conduit 1 1 . 
The bottom liquid product is removed from the distillation apparatus 31 through the conduit 34, and then 
separated into HFC-245fa which is the aimed product (from the top of the apparatus) and the extraction 
agent (from the bottom of the apparatus) in the second stage distillation apparatus 32. 

[0033] Alternatively, the mixture of HFC-245fa and extraction agent may be removed via the conduit 35 as a 
side cut in the distillation apparatus 31 . In such a case, the extraction agent is removed from the apparatus 
at the bottom thereof via conduit 36, which may be recycled to the extraction apparatus 10. 

[0034] HFC-245fa separated in the distillation apparatus 32 is removed via conduit 37 at the top of the 
apparatus and passed to suitable receiver or required after-treatment apparatus. On the other hand, the 
extraction agent which does not contain HFC-245fa is subjected to a suitable treatment as required before 
recycled to the extraction apparatus 10 via conduit 1 1 to be used as the extraction agent again. 

[0035] As an alternative embodiment, for example, an alkaline washing measure including an after- 
treatment measure may be installed in the intermediate of the conduit 22 in order to eliminate HF contained 
in the extraction agent phase, which embodiment is not shown in the Figure 1 . The water entering into the 
extraction agent phase by the alkaline washing may be removed, for example, by a treatment in an after- 
treatment measure, for example an absorption tower or distillation measure installed downstream of the 
alkaline washing measure. Alternatively, the distillation step as the after-treatment measure may be 
installed within the distillation measure 30. In such a case, since the mixture of HFC-245fa and extraction 
agent is obtained after HF and water were removed, the first stage distillation apparatus 31 may be omitted 
so that the mixture may be passed to the preceding second stage distillation apparatus 32 and treated as 
above. 

[0036] The HF phase which forms the upper layer in the separating apparatus 20 may be removed via 
conduit 21 . Since the HF phase contains small amount of extraction agent and HFC-245fa as shown in 
Table 7 in Example part, it is passed to a suitable HF recovery measure 40 in order to recover HF not 
containing extraction agent and HFC-245fa. 

[0037] As HF recovery measure 40, for example, a distillation apparatus may be used. Such an apparatus 
may be a two stage-distillation measure consisting of a combination of a first stage distillation apparatus 41 
with a second stage distillation apparatus 42 as shown in Figure 1. At first, a HF phase is separated into the 
azeotropic mixture of HFC-245fa/HF and the mixture of extraction agent/HF by distillation in the first stage 
distillation apparatus 41. The azeotropic mixture HFC-245fa/HF is removed via conduit 43 at the top of the 
apparatus and the mixture of extraction agent/HF is removed via conduit 44 at the bottom of the apparatus. 
The azeotropic mixture of HFC-245fa/HF may be subjected to a suitable treatment as required, followed by 
recycling to the extraction apparatus 1 0 via conduit 1 1 . The mixture of extraction agent and HF may be 
distilled to separate the extraction agent from HF in the second stage distillation apparatus 42 via conduit 
44, so that the extraction agent may be withdrawn from the top of the apparatus and the HF may be 
withdrawn from the bottom of the apparatus. Such HF recovered from the bottom of the apparatus of the 
second stage distillation apparatus 42 may be subjected to a suitable treatment as required, and then 
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recycled to the reaction apparatus 1 again. The extraction agent may be recycled to the extraction 
apparatus 10 via conduit 1 1 . 

[0038] However, the sequence of the separation treatment in the HF recovery measure 40 does not 
necessarily follow the above explained one, but may be changed. For example, when the extraction agent 
has the highest boiling point among the components within the HF phase, the process may be operated so 
that the extraction agent is separated from the mixture of HF and HFC-245fa in the first stage, and then HF 
is separated from the mixture of HF and HFC-245fa in the second stage, which embodiment is not shown in 
Figure 1 . Further, the mixture of HF and HFC-245fa obtained from the first stage may be directly recycled 
into the reaction step or recovered and suitably used. 

[0039] The extraction agent, the azeotropic mixture HFC-245fa/HF and HF separated as explained above 
may be respectively treated depending on the necessity, followed by recycling to anywhere within the 
system or withdrawing outside the system. For example, when it is recycled to anywhere within the system, 
the extraction agent is passed to the conduit 1 1 and/or the HF is passed to the fluorination step in the 
reaction apparatus 1 . Alternatively, the HF phase may be directly recycled to the reaction system. 

[0040] As the distillation apparatus, conventionally used apparatuses, for example packed column or plate 
column may be used and those skilled in the art may easily select the operation condition based on the 
system to be distilled. The present invention utilizes the azeotropic property of HF and HFC-245fa as 
disclosed in our foregoing application described in the above in the background of the invention part to 
obtain the azeotropic mixture of HFC-245fa/HF in the separation process. 

[0041] The present invention was explained with reference to the case that the mixture consists of HF and 
HFC-245fa by way of example, however the mixture may contain the other components in addition to HF 
and HFC-245fa. When the mixture contains a material having a low solubility in the HF phase or in the 
extraction agent phase at the operation condition, such as HCI, such a material may be ejected to outside 
of the system via the extraction apparatus 10 as the gaseous phase. Therefore, the present invention may 
be performed as in the above explained case. The other components dissolvable into the both phases may 
be merely distributed into the extraction agent phase and the HF phase based on its property, so that the 
fact that the finally attained relative ratio of HFC-245fa to HF is larger than that of the original mixture 
through the present process is not varied. Therefore, the case that the mixture contains the other 
component is consequently included in the scope of the present invention. 

[0042] Further, in a particular embodiment, the present invention uses 1 ,1 ,1 ,3,3-pentachloropropane as the 
extraction agent, which is also one of the principal starting material for the present aimed product, 1,1,1 ,3,3- 
pentafluoropropane, and satisfies the requirement as the extraction agent for the present invention as 
mentioned above. 

[0043] In such case, the HF phase removed from the separating apparatus 20 via conduit 21 contains HF, 
1,1,1,3,3-pentachloropropane, and HFC-245fa as a small amount component. Thus, the azeotropic mixture 
HFC-245fa/HF is withdrawn from the top of the apparatus 41 and 1 ,1 ,1 ,3,3-pentafluoro-propane and HF are 
withdrawn from the bottom of the apparatus 41. Since these 1,1,1,3,3-pentafluoropropane and HF are the 
starting materials for the production of HFC-245fa, the obtained mixture of 1 ,1 ,1 ,3,3-pentachloropropane 
and HF may be directly recycled to the reaction apparatus 1 to further utilize as the starting material for 
producing 1,1,1 ,3,3-pentafluoropropane. 

[0044] Accordingly, as explained above with reference to the embodiment using the extraction agent other 
than 1,1,1,3,3-pentachloropropane, the second stage distillation apparatus 42 as the HF recovery measure 
may be omitted, so that the cost of installation and the cost of operation may be reduced. 



EXAMPLE 



[0045] Using several compounds as the extraction agent, 1,1,1 ,3,3-pentafluoropropane was separated from 
the mixture consisting of 1 ,1 ,1 ,3,3-pentafluoropropane and hydrogen fluoride in a laboratory scale 
according to the present process. 

[0046] Into a pipe made of fluorocarbon resin, one end of which being provided with a valve and the other 
end being plugged, the mixture of HFC-245fa (1,1,1,3,3-pentafluoropropane) and HF and the extraction 



http://v3.espacenet.corn/textdes?DB=EPODOC&IDX=WO9749656&F=0&QPN=WO97... 12/26/2006 



esp@cenet description view 



Page 7 of 10 



agent were introduced in each given amount to form a feed mixture, shaken sufficiently and settled to let 
the liquid phases separate into two layers. The upper HF phase was absorbed by water and the lower 
extraction agent phase was absorbed by organic solvent. The amount of fluoride ion existing in the water 
was measured with a fluorine ion meter and the amount of HF was calculated. The proportion of the organic 
compounds was analyzed using a gas chromatograph and each amount of the extraction agent and HFC- 
245fa in each phase was obtained. 

[0047] Several measurement were performed using several extraction agent as shown in the following 
Tables 1-6 (mixing temperature and separation temperature: 20 DEG C) 



Example 1 



[0048] As the extraction agent, perfluoro-2-methylpentane (sec-C6F14) was used. 

<tb><TABLE> ld=[Table 1] Columns=4 

<tb> 

<tb>Head Col 1: 

<tb>Head Col 2: feed mixture (g) 

<tb>Head Col 3: HF phase (g) 

<tb>Head Col 4: extraction agent phase (g) 

<tb>HFC-245fa<SEP>9.7<SEP>0.2<SEP>9.4 

<tb>HF<SEP>1 .5<SEP>1 .4<SEP>0.1 

<tb>sec-C6F14<SEP>15.4<SEP>0.KSEP>15.3 

<tb>ratio of HFC-245fa/HF<SEP>6.5<SEP>0.KSEP>94.0 

<tb></TABLE> 

[0049] To the mixture having the HFC-245fa/HF ratio which is almost the same composition with the 
azeotropic mixture, sec-C6F14 was added and let the mixture separate into two liquid layers. Accordingly, a 
result that the amount of HF distributed to the HF phase was about 14 times as much as that distributed to 
the extraction agent phase (1 .4/0.1 ), while the amount of HFC-245fa distributed to the extraction agent 
phase was about 47 times as much as that distributed to the HF phase (9.4/0.2) was obtained. Further, it 
was found that the ratio HFC-245fa/HF in the extraction agent phase (9.4/0.1 =94.0) is over 14 times 
(94.0/6.5=14.5) as much as that ratio in the feed mixture (9.70/1.50=6.5). Since the difference in the boiling 
point between HFC-245fa and sec-C6F14 existing in the extraction agent phase is over 40 DEG C and the 
two compounds do not make an azeotropic mixture, they may be easily separated from each other by 
distillation. Therefore, a satisfactory separative recovery may be performed by using perfluoro-2- 
methylpentane. 



Example 2 



[0050] As the extraction agent, perfluorohexane (n-C6F14) was used. 

<tb><TABLE> ld=[Table 2] Columns=4 

<tb> 

<tb>Head Col 1: 

<tb>Head Col 2: feed mixture (g) 

<tb>Head Col 3: HF phase (g) 

<tb>Head Col 4: extraction agent phase (g) 

<tb>HFC-245fa<SEP>12.4<SEP>4.5<SEP>7.9 

<tb>HF<SEP>1 .9<SEP>1 .2<SEP>0.6 

<tb>n-C6F14<SEP>29.7<SEP>1.KSEP>28.3 

<tb>ratio of HFC-245fa/HF<SEP>6.5<SEP>3.8<SEP>13 2 

<tb></TABLE> 

[0051] A result that the amount of HF distributed to the HF phase was about 2 times as much as that 
distributed to the extraction agent phase (1 .2/0.6), while the amount of HFC-245fa distributed to the 
extraction agent phase was about 2 times as much as that distributed to the HF phase (7.9/4.5) was 
obtained. Further, it was found that the ratio of HFC-245fa/HF in the extraction agent phase (7.9/0.6=13 2) 
is about 2 times as much as that ratio in the feed mixture (12.4/1 .9=6.5). Therefore, a satisfactory 
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separative recovery may be performed by using perfluorohexane. 



Example 3 



[0052] As the extraction agent, HFC-43-10mee was used. 

<tb><TABLE> ld=[Table 3] Columns=4 

<tb> 

<tb>Head Col 1 : 

<tb>Head Col 2: feed mixture (g) 

<tb>Head Col 3: HF phase (g) 

<tb>Head Col 4: extraction agent phase (g) 

<tb>HFC-245fa<SEP>10.KSEP>8.2<SEP>1.9 

<tb>HF<SEP>1 .5<SEP>1 .4<SEP>0.1 

<tb>HFC-43-10mee<SEP>15.0<SEP>4.5<SEP>10.5 

<tb>ratio of HFC-245fa/HF<SEP>6.7<SEP>5.9<SEP>19.0 

<tb></TABLE> 

[0053] Using HFC-43-10mee as extraction agent, HF was found to be concentrated in HF phase about 14 
times as much as that in the extraction agent phase. Since the HFC-245fa was extracted about one fifth the 
amount thereof into the extraction agent phase in one through procedure, HFC-245fa may be separated 
from HF by repeating the procedure and recycling the extraction agent. Further, the ratio of HFC-245fa/HF 
in the extraction agent phase (1 .90/0.10=19.0) is about 2 times as much as that ratio in the feed mixture 
(10.1/1.50=6.7), so that a satisfactory separative recovery may be performed by using HFC-43-10mee. 



Example 4 



[0054] As the extraction agent, 1,1,1 ,3,3-pentachloropropane was used. 

<tb><TABLE> ld=[Table 4] Columns=4 

<tb> 

<tb>Head Col 1: 

<tb>Head Col 2: feed mixture (g) 

<tb>Head Col 3: HF phase (g) 

<tb>Head Col 4: extraction agent phase (g) 

<tb>HFC-245fa<SEP>12.3<SEP>8.8<SEP>3.5 

<tb>HF<SEP>1 .9<SEP>1 .8<SEP>0.1 

<tb>1,1,1,3,3-pentachloropropane<SEP>12.5<SEP>3.8<SEP>8.6 
<tb>ratio of HFC-245fa/HF<SEP>6.5<SEP>4.9<SEP>35.0 
<tb></TABLE> 

[0055] HF is concentrated in HF phase about 18 times as much as that in the extraction agent phase 
(1 .8/0.1 ) and the HFC-245fa is extracted about three tenth the amount thereof into the extraction agent 
phase. Further, the ratio of HFC-245fa/HF in the extraction agent phase (3.5/0.1=35) is about 5 times as 
much as that ratio in the feed mixture (12.3/1 .9=6.5). Therefore, a satisfactory separative recovery may be 
performed by using 1,1,1 ,3,3-pentachloropropane. An almost complete separation of HFC-245fa may be 
performed by successive recycling of the extraction agent. 

[0056] Further, use of 1,1,1, 3,3-pentachloropropane as the extraction agent, which is one of the starting 
material for the production of 1 ,1 ,1 ,3,3-pentafluoropropane in the present process to separate 1,1,1 ,3,3- 
pentafluoropropane from the mixture of 1 ,1 ,1 ,3,3-pentafluoropropane and HF means that a third component 
other than the two components of the starting materials never enters into the reaction system, so that the 
HF recovery measure is not required during the recycling HF in the HF phase obtained from the separation 
step, in this embodiment. Therefore, installation cost and operation cost may be reduced in the plant 
performing the present process. 



Example 5 
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[0057] As the extraction agent, perfluorobutylamine (hereinafter, also referred to PFBA) was used. 

<tt»<TABLE> ld=[Table 5] Columns=4 

<tb> 

<tb>Head Col 1: 

<tb>Head Col 2: feed mixture (g) 

<tb>Head Col 3: HF phase (g) 

<tb>Head Col 4: extraction agent phase (g) 

<tb>HFC-245fa<SEP>10.2<SEP>5.0<SEP>5.2 

<tb>HF<SEP>1 .5<SEP>1 .0<SEP>0.5 

<tb>PFBA<SEP>1 5.1<SEP>3. 1 <SEP>1 2.0 

<tb>ratio of HFC-245fa/HF<SEP>6.8<SEP>5.0<SEP>10.4 

<tb></TABLE> 

[0058] HF is extracted in HF phase about 2 times as much as that in the extraction agent phase (1 .0/0.5) 
and the HFC-245fa is extracted almost half of the fed amount (5.2/10.2). In addition, the ratio of HFC- 
245fa/HF in the extraction agent phase (5.2/0.5=10.4) is about 1 .5 times as much as that ratio in the feed 
mixture (10.2/1.5=6.8). Therefore, a satisfactory separative recovery may be performed by using 
perfluorobutylamine and almost complete separation of HFC-245fa may be performed by successive 
recycling of the extraction agent. 



Example 6 



[0059] As the extraction agent, methyl-1,1,2,3,3,3-hexafluoropropylether (hereinafter, referred to FPE) was 
used. 

<tb><TABLE> ld=[Table 6] Columns=4 
<tb> 

<tb>Head Col 1 : 

<tb>Head Col 2: feed mixture (g) 

<tb>Head Col 3: HF phase (g) 

<tb>Head Col 4: extraction agent phase (g) 

<tb>HFC-245fa<SEP>10.0<SEP>4.KSEP>5.9 

<tb>HF<SEP>1 .5<SEP>1 .0<SEP>0.5 

<tb>FPE<SEP>15.0<SEP>3.0<SEP>12.0 

<tb>ratio of HFC-245fa/HF<SEP>6.7<SEP>4.KSEP>1 1 .8 

<tb></TABLE> 

[0060] HF is extracted in HF phase about 2 times as much as that in the extraction agent phase (1 .0/0.5) 
and the HFC-245fa is extracted almost six tenth of the fed amount (5.9/10.0). In addition, the ratio of HFC- 
245fa/HF in the extraction agent phase (5.9/0.5=1 1 .8) is about 1 .5 times as much as that ratio in the feed 
mixture (10.0/1.5=6.7). Therefore, a satisfactory separative recovery may be performed by using methyl- 
1,1,2,3,3,3-hexafluoropropylether and almost complete separation of HFC-245fa may be performed by 
successive recycling of the extraction agent. 



Example 7 



[0061] Using perfluoro-2-methylpentane (secC6F14) as the extraction agent, the present process, the 
separation of 1 ,1 ,1 ,3,3-pentafluoropropane from the mixture comprising 1 ,1 ,1 ,3,3-pentafluoropropane and 
hydrogen fluoride is performed in a pilot plant according to the flow chart in Figure 1 . 

[0062] SUS 31 6 decanter was used as the separating apparatus 20. In the operation, HFC-245fa containing 
HF in 50 % by mol (flow rate: 1 1 .5 kg/hr) is countercurrently contacted with sec-C6F14 (flow rate: 15 kg/hr) 
at 20 DEG C and whole HFC-245fa and HF were liquefied and concentrated. The ratio of HFC- 
245fa/HF=1 .7 was adopted. The contact and separation procedure were performed at a temperature of 20 
DEG C and a pressure of 2 atm, and no gas was withdrawn. Each component passing the conduit 9, 11, 21 
and 22 in Figure 1 is shown in the following Table 7. 
<tb><TABLE> ld=[Table 7] Columns=5 
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<tb> 

<tb>Head Col 1 : number of conduit 
<tb>Head Col 2: 9 
<tb>Head Col 3: 11 
<tb>Head Col 4: 21 
<tb>Head Col 5: 22 

<tb>HFC-245fa<SEP>10.0<SEP>0.0<SEP>0.KSEP>9.9 

<tb>HF<SEP>1 .5<SEP>0.0<SEP>1 .4<SEP>0.1 

<tb>FPE<SEP>0.0<SEP>15.0<SEP>0.KSEP>14.9 

<tb>ratio of HFC-245fa/HF<SEP>6.7<SEP>~<SEP>0.KSEP>99 

<tb></TABLE> 

[0063] According to this example, the obtained result is almost the same as that of example 1 used the 
same extraction agent in a laboratory scale test. Thus, it may be understand that the present process 
provides almost the same result independent of the process scale. 

[0064] The present process does not particularly require use of materials having anti-corrosiveness for the 
equipment thereof since the present process uses chemicals having no corrosiveness for separation of 
1 ,1 ,1 ,3,3-pentafluoro-propane from hydrogen fluoride. Therefore, the cost of installation and the cost of 
measures for safe operation may be reduced than the conventional process. 

[0065] Further, the purification of 1 ,1 ,1 ,3,3-pentafluoropropane may be effectively performed by the 
effective separation of 1 ,1 ,1 ,3,3-pentafluoropropane from hydrogen fluoride. 

[0066] Particularly, when 1,1,1,3,3-pentachloropropane is used as the extraction agent, a third component 
other than the two components of the starting materials never enters into the reaction system. Therefore, 
the equipment of the present process does not require a separation measure for removing the third 
component from both the product phase and the recycle phase, so that costs of installation and operation 
may be reduced. 
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METHOD FOR PURIFYING 1,1,1,3,3-PENTAFLUOROPROPANE 

Claims of correspondent: EP0921109 Translate this text 



1 . A process of purification of 1 ,1 ,1 ,3,3-pentafluoropropane characterized by contacting at least one 
extraction agent selected from the group consisting of 

(a) a fluorohydrocarbon compound corresponds to the general formula (I): 

"(I)" CxFyHz in which x is an integer from 3 to 10, y is an integer from 2 to 22 and z is an integer from 0 to 

6; 

(b) an amine compound corresponds to the general formula (II): 

"(II)" R1R2R3N in which R1, R2 and R3 are fluoroalkyl groups each having 1-10 carbon atoms, 
respectively, and R1 , R2 and R3 may have at most two hydrogen atoms, respectively; 

(c) an ether compound corresponds to the general formula (III): 

"(III)" R40R5 in which R4 and R5 are alkyl groups each having 1-10 carbon atoms, respectively, and at 
least one of R4 and R5 contains one fluorine atom; and 

(d) a chlorohydocarbon compound corresponds to the general formula (IV): 

"(IV)" CICImHn in which I is an integer from 3 to 10, m is an integer from 2 to 22 and n is an integer from 0 
to 6 

with a mixture comprising 1,1,1,3,3-pentafluoropropane and hydrogen fluoride so as to form a liquid mixture 
and separating the liquid mixture into two liquid layers, followed by obtaining an extraction agent layer 
including 1,1,1,3,3-pentafluoropropane and the extraction agent as the main components, and separatively 
recovering 1 ,1 ,1 ,3,3-pentafluoropropane from the extraction agent layer. 



2. The process according to claim 1 wherein the extraction agent to be used is at least one compound 
selected from the group consisting of the following (a) to (d): 

(a) perfluoro-2-methylpentane, perfluoro-n-hexane, 1,1,1,2,2,3,4,5,5,5-decafluoropentane, perfluoro-2- 
methyl-2-pentene, perfluoro-4-methyl-2-pentene, omega -H perfluorooctane(C8F1 7H)) and omega -H 
perfluorohexane; 

(b) perfluorotributylamine and perfluorotripentylamine; 

(c) methyl-1,1,1,2,3,3-hexafluoropropylether, ethyl-1,1,1,2,3,3-hexafluoropropylether and propyl-1, 1,1, 2,3,3- 
hexafluoropropylether, 1-methoxy-nonafluorobutane, and 1-ethoxy-nonafluorobutane; and 

(d) 1,1,1,3,3-pentachloropropane, hexachloropropane, trichloroethylene, and perchloroethylene. 



3. The process according to claim 1 or 2 wherein an amount of the extraction agent used in the contacting 
step is in the range from 0.3 to 30 times as much as an amount of 1,1,1,3,3-pentafluoropropane in a molar 
ratio. 

4. The process according to any one of claims 1 to 3 wherein the separating step is performed at a 
temperature in a range from - 30 DEG C to 100 DEG C and a pressure in a range from 1 to 30 atm. 

5. The process according to any one of claims 1 to 4 wherein the mixture comprises HCI and the other 
fluorohydrocarbon(s). 

6. The process according to any one of claims 1 to 5 wherein 1 ,1 ,1 ,3,3-pentafluoropropane is separatively 
recovered by distilling the extraction agent layer, and simultaneously the extraction agent is separated and 
recycled to the contacting step. 

7. The process according to any one of claims 1 to 5 wherein the extraction agent and 1 ,1 ,1 ,3,3- 
pentafluoropropane, or the extraction agent is removed from a layer containing hydrogen fluoride as a main 
component obtained through separating the resulted mixture into the liquid layers, and the balance is 
recovered or recycled to a reaction step. 

8. The process according to any one of claims 1 and 3 to 6 wherein a mixture containing 1 ,1 ,1 ,3,3- 
pentafluoro-propane and hydrogen fluoride obtained from the reaction of 1 ,1 ,1 ,3,3-pentachloropropane with 
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hydrogen fluoride is contacted with 1,1,1 ,3,3-pentachloropropane as the extraction agent so as to form a 
resulted mixture and the resulted mixture is separated into the two liquid layers; and 1 ,1 ,1 ,3,3- 
pentafluoropropane is selectively recovered from the extraction agent layer containing the extraction agent 
and 1,1,1,3,3-pentafluoropropane as the main components; and the layer containing hydrogen fluoride as a 
main component is recycled to the reaction without removing the extraction agent. 

9. The process according to claim 8 wherein, after 1,1,1,3,3-pentafluoropropane is removed, the layer 
containing hydrogen fluoride as the main component is recycled to the reaction without removing the 
extraction agent. 
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